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TITLE OF INVENTION 
SUPPORT PANEL 



CROSS REFERENCE TO RELATED APPLICATIONS 
5 Not Applicable 



STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 
Not Applicable 

10 

THE NAMES OF THE PARTIES TO A JOINT RESEARCH AGREEMENT 
Not Applicable 



INCORPORATION-BY-REFERENCE OF MATERIAL 
15 SUBMITTED ON A COMPACT DISC 

Not Applicable 



BACKGROUND OF THE INVENTION 
Field of the Invention 

20 [001] The present invention relates to support panels and 
in particular multi-function open or otherwise permeable 
panels for providing one or more of structural support, 
enhanced uniform airflow, edge termination, sealing and 
enhancing alignment, in relation to permeable media. Such 

25 media may be structurally weak (i.e., not self-supporting) 
dynamic insulation media when applied to breathing buildings 
and structures. 



Description of Related Art 
30 [002] In this regard, a revolutionary breathing wall 
cladding technology and a multiplicity of modular cladding 
panel designs that use fibre-based and other dynamic 
insulation media, to achieve up to 30% energy savings above 
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current conventional insulation standards, have been 
developed by the present applicant. As outdoor air is drawn 
into the building through one or more layer (s) of dynamic 
insulation, contra-flow heat exchange occurs and heat 
5 normally lost through conduction is instead used to preheat 
ventilation air. 

[003] The panels also act as highly efficient, 

maintenance-free filters of airborne particulates down to 
10 sub-micron scale for the life of the building, with similar 
filtration performance anticipated for biological and 
chemical filtration. 

[004] Important outcomes of this are greatly improved 
15 thermal insulation performance and enhanced indoor air 
quality, where high fresh-air ventilation rates can 
henceforth be achieved without the penalty of excessive 
energy consumption using simple HVAC plant. Equally 
important, the cladding panels filter particulates and other 
20 forms of airborne pollution to HE PA standards for the life 
of the building (60+ years) to protect building occupants 
from harm, and in the process clean up the outdoor 
environment, 24 hours a day and 365 days a year. 

25 [005] Such breakthroughs in wall-cladding technology 

require knowledge of how to design and build dynamically 
insulated breathing buildings or structures that are 
optimised for performance, quality, durability and longevity. 
Specifically, the dynamic insulation component of the 

30 cladding needs to deliver low energy consumption, high indoor 
air quality and outstanding filtration performance without 
premature clogging for the life and location of the building 
or structure. The result is a new type of building or 
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structure that achieves direct, intimate, responsive coupling 
between the indoor and outdoor environments via a cladding 
system that enhances air quality and energy efficiency 
without sacrificing functionality or occupant safety. 

5 

[006] For dynamic insulation to function optimally it is 
necessary for incoming ventilation air to flow uniformly 
through the largest possible area of a building's Of 
structure's breathing envelop, but for infiltration or 

10 leakage flows through gaps, cracks, leaky doors and windows, 
etc, to be reduced to a minimum, or eliminated. Fibre-based 
and many other air permeable dynamic insulation media are 
moreover generally not self-supporting (i.e., they are weak 
structurally) , making their precise placement and long-term 

15 size stability and fixity within the cladding panel or system 
problematic. In addition it is difficult, if not impossible, 
to achieve a seamless, airtight joint between such materials 
and the rigid encapsulating structures used in a cladding 
panel or system. Finally, any occlusion of airflow through 

20 the inlet and outlet faces of fibre-based dynamic insulation 
media, for example by external bracing, would reduce the 
effective face area and degrade performance. 

BRIEF SUMMARY OF THE INVENTION 
25 [007] According to a first aspect of the present invention 
there is provided an air permeable panel for an intermediate 
cladding layer having filtering characteristics, said panel 
comprising:- a plurality of projections interconnected in a 
lattice configuration, said projections being arranged to 
30 face in a common direction for engagement in use with said 
intermediate cladding layer. 



[008] Preferably, the projections have a tip portion and 
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a base portion and are interconnected at or adjacent their 
respective base portions. In preferred embodiments, said 
projections have a pyramidal form. 

5 [009] Conveniently, the projections are provided as a 
hollowed element. 

[0010] Preferably, the projections are interconnected at 
base portions, with apertures defined therebetween. 

10 

[0011] In preferred embodiments, the projections are 
configured to restrict penetration thereof into the 
intermediate cladding layer. 

15 [0012] Conveniently, the cross-sectional area of each 
projection increases along its longitudinal axis away from 
their tip portion. 

[0013] In a further aspect of the present invention, there 
20 is provided a building cladding system incorporating an air 
permeable panel as defined above; wherein a panel is provided 
on one or both faces of said intermediate cladding layer. 

[0014] The system may further comprise a wall member, 
25 adjacent the panel and coupled thereto. The system may also 
have internal and external wall members within which the 
panel and intermediate cladding layer are provided. 

[0015] The building cladding system can further comprise 
30 one or more edge members, configured to interconnect adjacent 
intermediate cladding layers. Preferably, the edge members 
have limbs in a cross formation, the limbs being inclined 
similarly to surfaces of the projections on adjacent panels 



for abutment thereto. 



[0016] In yet a further aspect of the present invention 
there is provided an air permeable panel for an intermediate 
5 cladding layer having filtering characteristics, the panel 
comprising:- a plurality of hollowed elements interconnected 
in a planar lattice arrangement, said hollowed elements 
facing in a common direction and being interspersed with 
apertures . 

10 

[0017] Preferably, the hollowed elements are interconnected 
at their peripheries to define said apertures therebetween. 
The hollowed elements further have a pointed outer surface 
for engaging said intermediate cladding layer. 

15 

[0018] In preferred embodiments, each hollowed element has 
a pyramidal form. 

[0019] The intermediate layer can have a graduated 
20 filtering profile and conveniently, the filtering 
characteristics of the intermediate layer are such as to trap 
relatively large particles towards an outer surface thereof 
and to trap relatively smaller particles towards the inner 
surface thereof. 

25 

[0020] Preferably, the intermediate layer has thermal 
and/or sound insulating properties. 

[0021] In preferred embodiments, the intermediate layer 
30 comprises one or more of:- mineral wool, wet-blown cellulose 
and glass wool. The intermediate layer may be provided in 
the form of one or more of:- membranes, fibres, pulp or 
cellular based (foam or sponge) materials, or modified 
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aerated concrete. Conveniently, the cladding material 
comprises filter materials for one or more of:- particulate 
emissions, gas pollutants, chemical agents and biological 
agents . 

5 

[0022] Preferably, the cladding material is provided in 
the form of panel units whereby the panel units can be 
provided in modular format. 

10 [0023] In preferred embodiments, the intermediate layer is 
formed of a plurality of one or more separate filter layers, 
of different filtering characteristics. Each filter layer of 
the intermediate layer may be selected to extract a specified 
range of particle sizes, gaseous pollutants, chemical 

15 pollutants, and/or biological agents and the separate filter 
layers of the intermediate layer can together define 
substantially the complete filter spectrum of particulate and 
other pollution. 

20 [0024] Conveniently, the or each filter layer of the 
intermediate layer is independently replaceable. The or each 
filter layer of the intermediate layer can moreover comprise 
one or more disposable filter elements. 

25 [0025] The panel may itself be pressed from a single sheet. 
It may be moulded from a plastics material, or other 
materials which preferably are fire retardant. 

[0026] In preferred embodiments, when in use with the 
30 hollowed elements at or adjacent the intermediate layer, the 
apertures present an opening of expanding volume onto the 
intermediate layer. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0027] In this regard, examples of the present invention 
will be described below with reference to the drawings, of 
which: - 

5 [0028] Figure 1 shows in plan view and part-sectional view 
panel geometry of the present invention; 

[0029] Figure 2 shows panel geometry in a 5 by 5 cell 
sample; 

[0030] Figure 3 shows sections through core dynamic 
10 insulation elements of the present invention, with Figure 

3(a) showing an embodiment with a single panel and Figure 

3(b) showing an embodiment with mirror panels; 

[0031] Figures 4 to 6 show results of testing in relation 

to the present invention; and 
15 [0032] Figure 7 shows a cross-sectional view of a cladding 

arrangement incorporating the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0033] As shown in Figures 1 and 2, the present invention 

20 provides a simple and elegant solution to the above mentioned 
and other problems. In particular, one or more relatively 
rigid panel (s) 1 form a regular geometric pattern of 
truncated (open) or otherwise permeable outward-facing nodes 
2 and pointed inward-facing anti-nodes 3 to grip into fibre- 

25 based dynamic insulation media 4. The dimensions are 
scalable and fabrication material choice wide, but the 
geometry of the support/encapsulation panels is very 
specific. A representative partial sample of a single panel 
is depicted in Fig. 1 and 2. 

30 

[0034] Turning to Figures 3(a) and 3(b), these figures show 
two possible embodiments of a core dynamic insulation element 
for a multitude of external wall, roof or floor types forming 
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parts of the envelope of a breathing building or structure. 
Figure 3(a) shows an embodiment with a single panel and 
Figure 3(b) shows an embodiment with mirror panels. 

5 [0035] Single and twin/mirrored panel (s) 1 encapsulating a 
layer (s) of dynamic insulation media 4 are shown in the 2-D 
schematics in Fig. 3(a) and 3(b). In Figure 3(b) the 
truncated nodes 2 form a mirror pair of aligned encapsulating 
panels 1 provide the outward-facing openings through which 

10 air flows uniformly through the media 4, and inward-facing 
pairs of pointed anti-nodes 3 that grip the dynamic 
insulation without occluding the faces of the media. These 
anti-nodes have a pocket or hollowed configuration. Also 
noteworthy is the shape of each cell pair 5, which acts as 

15 diffusion-contraction unit to enhance uniformity of the 
airflow entering the cell and passing through the media. Such 
cell pairs form a repeating structure that, together with the 
finite value of permeability of the media ensures good 
uniformity of flow through the core element, irrespective of 

20 what inlet/outlet conditions are imposed. Thus, where the 
air is introduced into the wall panel and/or where it is 
extracted from the panel would, in practice, have little or 
no detrimental effect on flow uniformity through the media. 

25 [0036] This uniquely desirable behaviour is demonstrated in 
the CFD results in Figs. 4, 5 and 6, obtained for a 
ventilated rainscreen-cladding panel incorporating such a 
dynamic insulation core element. Results for core element 
(a) , employing a single panel over the inlet face of the 

30 media, should be nearly as good. 

[0037] With reference to Figs. 4 and 5, outdoor air is 
drawn into the cladding panel when the breathing building in 
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which it is fitted is depressurised . The air queues up in 
the gap between the rainscreen and core cladding element (the 
inlet plenum) , flows uniformly through the dynamic insulation 
media and thereafter fills the. space behind the. internal wall 
5 skin (the outlet plenum) before being dumped, preheated and 
filtered, into the room or air handling system. The inlet 
vent of the cladding panel in this particular case was 
located at the bottom, and the outlet vent at the top. This 
results in the very flat (less than 2% variation) velocity 

10 profile through the encapsulated dynamic insulation media 
shown in Fig. 6. Similar results were obtained for mid- 
height vents, directly opposing vents, and many other 
variations of inlet/outlet vent location, inlet/outlet plenum 
size, etc., thus ensuring optimum performance irrespective 

15 of where the inlet and outlet vents are located. In each 
and every case examined all of the breathing wall area was 
effectively utilised, freeing the breathing building designer 
of all of the constraints and limitations previously 
associated with this form of construction. 

20 

[0038] The particular geometry of the 

supporting/encapsulating panels that form part of the core 
dynamic insulation cladding element shown in Figs. 1 and 2 
will henceforth be referred to as diamond lattice, since the 

25 planes forming this geometry have a diamond-shaped profile. 
The anti-nodes 3 are of a pyramidal form, with a point 
tapering to an octagonal base. Adjacent anti-nodes are 
connected at four of the eight sides of the octagonal base, 
with apertures 2 thereby being formed at the nodes between 

30 the anti-nodes in the lattice arrangement. In side view, the 
consequent profile is undulating, the panel as a whole 
resembling an apertured egg carton configuration. 
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[0039] Variations on this geometry, for example using 
curved surfaces (e.g., cones instead of pyramids) to achieve 
similar functionality are possible. The cells of the lattice 
are uniformly arrayed along length and width dimensions by 
5 design. Thus any desired size of breathing wall area and 
insulation thickness can be cut and manufactured from 
generic, standard-size panels, using a generic, thermally- 
isolating edge termination and sealing scheme such as that 
illustrated in 2-D in Fig. 7. In this respect a edge 

10 termination and connection member 10 is shown between two 
panels. The edge termination and connection member has limbs 
11 arranged in a cross formation, these limbs abut against 
similarly inclined elements of the panel 1 to thereby 
provide a secure and reliable seal between adjacent panels 

15 and their dynamic insulation. As shown, the edge termination 
and connection member may moreover be coupled to a wall 
external rainscreen 13 or an internal wall skin 14 through 
arms 12. Cross panel ducting 15 may also be provided in the 
edge termination and connection member. 

20 

[0040] This feature enables a wide range of dynamic 
insulation cladding panel sizes and specifications to be 
achieved using a single generic panel type, and matching 
generic sealing/termination strip, with all the advantages 

25 that this brings from a manufacturing perspective. It also 
means that the core dynamic insulation element can be readily 
used in traditional and retrofit building projects as a 
straight, slot-in replacement for conventional insulation. 
Inlet and outlet plenums and vents through exterior envelope 

30 walls will naturally be required, and a means of 
depressurising the building to induce ventilation airflow 
found in order to achieve breathing building functionality. 
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[0041] The inventors have hence developed an innovative 
support, packaging and air distribution system for fibre- 
based media that in CFD simulation has been shown to 
facilitate uniform airflow across a large area of dynamic 
5 insulation - i.e., a breathing wall. The system also enables 
effective edge sealing of the media to eliminate unwanted 
leakage, allows pre-f abrication of a range of modular 
breathing wall cladding panels, and permits the generic 
replacement of conventional insulation in most retrofit 

10 installations. In this connection, as cool ventilation air 
is drawn into a warm building through the breathing wall, air 
flows inwards in the opposite direction to the heat being 
conducted outwards as shown in the figure below. The contra- 
flow of mass versus heat fluxes results in the cool air 

15 picking up heat that would normally be lost through 
conduction, effectively yielding a reduction in the dynamic 
U-value of the wall and higher overall insulation efficiency. 
One can incorporate the dynamic U-value into an energy and 
airflow balance for the whole building to estimate the 

20 overall energy savings. This analysis, which can be carried 
out on a spreadsheet is ideal for the conceptual design of 
buildings. The dynamic U-value U d for a multi-layer envelope 
can be calculated from the total thermal resistance of the 
wall R s and the air flow through the wall v : 

25 

d ^(extfwA)-!) (D 

Where p a and c a are the density and specific heat capacity of 
air . 

30 

[0042] To illustrate the effect of airflow rate through a 
breathing wall, consider a 200 mm thick layer of wet-blown 
cellulose insulation with a static (i.e., in the absence of 
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airflow, or v = 0) U-value of U s = 0.168 W/m 2 K. At an 
arbitrarily very small airflow velocity of 0.000278 m/s (1 
m/hr) the dynamic U-value for this insulation falls to U d = 
0.058 W/ m 2 K, or 0 . 3 3 C7 S . At a more realistic (for breathing 
5 buildings) airflow velocity of 0.00278 m/s (10 m/hr) the 
dynamic U-value falls further to 1 .7 E-8 W/ m 2 K - i.e., it becomes 
effectively zero. A significantly thinner 40 mm thick layer 
of insulation would under similar conditions yield a dynamic 
U-value U d = 0.13 W/ m 2 K. 

10 

[0043] Similar energy savings with dynamic insulation also 
occur when warm outside air is drawn into a cool building in 
hot summer months, though in this case the heat and mass 
flows are in the same direction. As the warm air flows 

15 inwards it loses some of it's heat to the breathing wall, 
effectively reducing the temperature gradient between the 
ambient outdoor and the outward-facing wall surface, and 
therefore the U-value of the wall. The co-flow cooling 
behaviour of dynamic insulation is described in a similar 

20 manner to contra-flow heating behaviour, where the first 
reduces the cooling load and the latter reduces the heating 
load required for optimum indoor conditions. This dual 
functionality of dynamic insulation means that breathing 
buildings can continue to function optimally irrespective of 

25 seasonal, diurnal, or any other cyclical variation in ambient 
conditions. Only cooling in hot-humid conditions presents 
condensation problems, but these too may be resolved by the 
application of active or passive dehumidif ication methods. 

30 [0044] Common air filtration media include membranes, foam- 
type cellular materials, pulps, and fibres. The latter 
represent an attractive choice for use in dynamically 
insulated buildings due to their excellent performance in the 
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PM 2 . 5 - PM 10 range at low flow velocity, wide availability, 
utility, low cost, and prevalence (a PM 10 content is the 
suspended particulate matter in the air below 10 microns) . 
Investigations reveal that potentially suitable natural and 
5 man-made fibre-types and products already exist and are used 
as conventional insulation media. 

[0045] In order to evaluate the filtration performance of 
breathing wall panels, a 1-D, multi-layer particle filtration 
10 model has been developed and outlined. This model has been 
further developed to investigate the filtration performance 
of a conventional, fibre-based insulation material 
(Glasswool) in filtering PM 10 , and to address the following 
questions : 

15 

[0046] (a) What is the efficiency of filtration from 

a commercial insulation layer under conditions determined by 
dynamic insulation? 

[0047] (b) What is the lifetime of the insulation 

20 layer - i.e., when, over time, will it become clogged? 

[0048] A single-fibre model, was used to derive efficiency. 
This was coupled with an iterative representation of clogging 
in fibrous filters. The model will be calibrated using data 
25 from experimental tests and field trials, to account for 3D 
effects, etc., to be reported in due course. 

The single fibre model: 

[0049] The single-fibre model estimates the clean filter 
30 removal efficiency E, prior to particle deposition, using an 
expression of the form in Eq. (2) below: 



AarjZ, 
(\-a)d f n 

[0050] Where a is the fibre density (packing fraction) , d f 
the fibre diameter, and Z the insulation layer thickness, n, 
5 the collection efficiency, is the sum of the collection 
efficiencies ascribed to three different collection 
mechanisms, namely Brownian motion or diffusion ( ij d ), inertial 
deposition (7J and impaction (r] im ). For clean fibres, this 
parameter is obtained as: 

10 

V = Vd + Vin + Vim 0) 

[0051] The above applies to filtration efficiency through 
a uniform layer of dynamic insulation, but has been extended 
15 to enable the study of multi-layer depth filtration, since 
the latter is necessary to avoid premature clogging and 
achieve longevity. The corresponding expressions for multi- 
layer filtration efficiency are of the form : 



20 E fJM +k =1 - ex f 



-4'a-7] fl Z o 



'j 



(4) 



\7u^-a-a pM J-d f 

VfMA* =r lfj Ai +r lf,JM +1 lf,J,\rt =7 ?fM 



25 [0052] Where ^^ J ' 1 is the time-invariant single-fibre 
collection efficiency for layer J, and ^ ± s the 

permeability of the layer. 

Dendrite formation and clogging model: 
30 [0053] In a loaded fibre filter the internal structure 
changes over time, as branch-like dendrites form through the 
agglomeration of particles within the filter media. Some of 
these dendritic fibres themselves start to act as filter 
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fibres, increasing the effective packing density over time. 

The process of dendrite formation is extremely complex and 
difficult to predict, but the averaged effects on filtration 
performance, analogous to increasing fibre diameter and 
5 packing density in the early stages, with cake formation and 
terminal clogging ultimately, are more accessible. 

[0054] With respect to the effects of dendrites a number of 
assumptions have been made in the model. They are (a) the 
10 particle aerosol will homogeneously load the filter, (b) all 
collected particles form dendrites but not all dendrites will 
be involved in further collection, and (c) the ones involved 
in further collection will be determined empirically once the 
model has been developed. 

15 

[0055] In a similar manner to Eqs.(4) and (5), the 
collection efficiency of dendrites is given for time 
increments 

k>l 1<J<N l<!<ti, 

20 v 
25 

[0056] Where d p is the mean diameter of dendrites, obtained 
from: 



30 ■ Q W-, Pp Z J ■ S+r Z( m /M M +m P,JJ,' M \ d p.i 

d P.J 'A* ~ v 
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Field test rig: 

[0057] Two field test rigs, to facilitate calibration of the 
filtration model, have been completed. They will be used to 
measure the cumulative pressure drop across dynamic insulation / 
5 filter media as particulate matter accumulates over a period 6 - 
12 months for known variable loading. 

[0058] The test rigs comprise a durable pipe housing with 

shielded intake and radial exhaust vents, filter media holder, 
10 axial extract fan, and low pressure transducer/data logger module. 

[0059] The insulation/filter media employed in the tests 

is VG4LWRO 4" oiled graduated glass, supplied by McLeod 
Russell. It has the following specifications - weight dry: 

15 500-540 g/m 2 ; weight oiled: 640 g/m 2 ; fibre diameter: 25-30 
microns; free thickness: 101.6mm ± 6.3mm Compressed thickness 
54mm ±3; The oil is chlorinated paraffin. Packing fraction 
was estimated for lab-measured permeance values [15] . The 
uncalibrated model was used to provide preliminary answers 

20 to the crucial questions of filtration efficiency over time 
and lifetime before clogging. A simple scenario, built 
around a small office suite in a polluted environment and its 
ventilation requirements, was developed and used to generate 
a set of results from the model. The results show the model 

25 behaving in a predictable manner, and very reassuring in 
terms of the filtration efficiency achievable and panel life 
before clogging occur. 

[0060] To generate the conditions required for 

30 ventilation air, typical office suite conditions provided a 
convenient template. CIBSE guideline [19] indicate that 16 
litres of air has to be provided per person per second in a 
smoking (i.e., worst case) environment. The test conditions 
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are for 5 people in an office demanding a volumetric fresh 
air flow rate of 80 1/s through 10 m 2 of breathing wall area 
(the ventilation source) . The resulting airflow velocity 
through the wall thus works out as 0.008 m/s. The 
5 definition of clogging was chosen as that point where the 
pressure drop required to provide acceptable levels of 
ventilation air exceeded 40 Pa (beyond which opening / 
closing doors becomes difficult) . The simulated pollution 
imposed was for Marylebone Road in London, where the average 
10 yearly PM 10 level is 48 |j.g/m3, most of which is from 
incomplete combustion in motor vehicle engines. The density 
of the pollutant was assumed to be 1850 kg.m-3, at the top 
end of the pollutant spectrum. Temperature was taken to be 
291K. 

15 

[0061] The trial, only part of which is reported here, 

was a 3-variable, 4-level full factorial design with no 
replication, resulting in a total of 64 sets of results. 
The effects of varying fibre diameter and packing fraction 

20 through depth were investigated for a graded insulation layer 
of thickness 100 mm, divided into 5 progressively denser 
slices of equal depth. The variables examined were fibre 
diameter (10 - 55u) , initial packing fraction (0.008 - 
0.011), and the corresponding packing fraction gradients 

25 (0.0035 - 0.002 per slice). For each time increment, the 
efficiency of each slice at filtering each particle diameter 
of pollutant was calculated. That pollutant not collected 
in the first slice was transferred to the next slice, etc. 
In this, way, the efficiency of the entire layer was 

30 calculated. 

[0062] Space restrictions only permit presentation of the 

results of greatest interest, namely the minimum efficiency 
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of particulate filtration during the first time increment for 
fresh media, and the maximum pressure drop across the 
insulation media over time. As the fibre diameter reduces 
in size so the efficiency of collection and the pressure drop 
5 increase, as shown in the preceding figure. The initial 
particle filtration efficiency for 10 and 25 micron fibres 
was thus greater than 99.8%, with corresponding pressure 
drops of 25 and 19 Pa at 60 years respectively. 

10 [0063] The evolution of pressure drop with time during 

a 60 year period is shown in the figure below for an 
insulation/filter layer of 55 micron fibre diameter, initial 
packing fraction of 0.011 and incremental increase of 0.002 
per slice. As fibre diameter decreases the pressure drop 

15 increases, in the same way that reducing the packing fraction 
increases pressure drop, all other variables being the same. 

[0064] Although energy was not considered explicitly in 

the office suite example, the significant savings (up to 30% 
20 reduction in energy use through dynamic U-value reduction, 
decreasing slightly as depressurisation level increases over 
time with clogging) outlined in section 1.1 and elsewhere are 
achievable . 

25 [0065] With respect to in-room conditions for breathing 

buildings, air drawn in at extremely low velocities through 
the panel must be moved and distributed throughout the office 
space to ensure adequate ventilation. One method of doing 
this could be to pass the induced air over a LPHW heating 

30 pipe coil, preferably embedded within the panel (or via 
grills mounted on window sills) and served from circulating 
pipe mains, with a central boiler providing the primary heat 
source. The incoming air would acquire buoyancy as it is 
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heated, enhancing both the flow of air through the panel and 
its circulation within the room in the manner of a 
conventional radiator. 

5 [0066] The present invention hence provides multi- 

function open or otherwise permeable panel (s) that provide 
structural support, or facilitates uniform airflow, edge 
termination, sealing, alignment, etc., or any combination 
thereof, for permeable media and in particular, but not 
10 solely restricted to, structurally weak (i.e., not self- 
supporting) dynamic insulation media. 

[0067] The multi-function panel (s) minimise occlusion of 

airflow through the inlet face of fibre-based dynamic 
15 insulation media to reduce the effective face area or degrade 
performance . 

[0068] The multi-function panel (s) seek to enable uniform 

airflow through a large breathing wall area to be achieved. 
20 The multi-function panel (s) further seek to enable effective 
in-room air movement and distribution in breathing buildings 
to be achieved easily and efficiently. 

[0069] The present invention further provides a 

25 revolutionary breathing wall cladding technology and 
multiplicity of modular cladding panel designs, including but 
not restricted to ventilated rainscreen designs, that uses 
fibre-based and other structurally weak dynamic insulation 
media, supported and/or encapsulated by the aforementioned 
30 multi-function panel (s) to achieve significant energy 
savings, air filtration and/or high indoor air quality. 

[0070] The present invention provides one or more multi- 

function panel (s) formed in a geometrical pattern of 
35 truncated (open) or otherwise permeable outward-facing nodes 
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and pointed insulation-facing anti-nodes, as illustrated in 
Figs. 1 and 2, to freely support and/or encapsulate fibre- 
based and/or any other structurally-weak dynamic insulation 
media . 

5 

[0071] Further, the present invention provides any number 

of multi-function panel (s) encapsulating a layer (s) of 
dynamic insulation media as shown in the 2-D schematics in 
Fig. 3, henceforth referred to as core dynamic insulation 
10 elements. 

[0072] The present invention encompasses a core dynamic 

insulation element (s) as defined above, that may be used for 
a multiplicity of external wall, roof or floor types forming 
15 the envelope of a breathing building or structure, as well 
as a cladding panel or cladding system employing any core 
dynamic insulation element. 

[0073] The present invention further provides a 

20 ventilated rainscreen cladding panel design for dynamic 
insulation where outdoor air is drawn into the cladding panel 
when the building is depressurised, queues up in the gap 
between the rainscreen and core cladding element (the inlet 
plenum) , flows uniformly through the dynamic insulation media 
25 and thereafter fills the space behind the internal wall skin 
(the outlet plenum) before being dumped, preheated and 
filtered, into the room or air handling system. 

[0074] The present invention encompasses all variation (s) 

30 in geometry of multi-function panel (s) where truncated (open) 
nodes of any shape or form provide openings through which 
incoming and outgoing air can flow through the media, and 
anti-nodes grip the dynamic insulation media at opposing 
points without occluding the inlet and outlet faces of the 
35 media. 
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[0075] The present invention further encompasses all 

variation (s) in geometry of multi-function panel (s) , where 
the shape of a cell pair enables it to act as a diffusion- 
5 contraction unit, to assist in achieving uniformity of 
airflow entering the cell and passing through the media. 

[0076] The present invention further encompasses all 

variation (s) in geometry of multi-function panel (s) where 
10 cell pairs form a repeating structure that, together with the 
finite value of permeability of the media, ensure good 
uniformity of flow through the core dynamic insulation 
element irrespective of the inlet / outlet conditions imposed 
in practice. 

15 

[0077] The present invention further encompasses specific 

pyramid-based geometry of multi-function open or otherwise 
permeable supporting/encapsulating panel (s), forming part of 
the core dynamic insulation cladding element shown in Figs. 
20 1 and 2, henceforth referred to as diamond lattice, after the 
planes forming this geometry which have a diamond-shaped 
profile 

[0078] Further, the present invention encompasses all 

25 variation (s) in geometry of multi-function panel (s), for 
example using curved surfaces (i.e., cones instead of 
pyramids) to achieve similar functionality. 

[0079] The multi-function panel (s) may be arranged so 

30 that the cells of the lattice are uniformly arrayed along 
length and width dimensions, so that any desired size of 
breathing wall area and insulation thickness can be cut and 
manufactured from generic, standard-size panels, using a 
generic edge-termination and sealing scheme, such as that 
35 shown in Fig. 7. 
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[0080] The present invention further encompasses generic, 

thermally isolating (i.e., non-bridging) edge-termination and 
sealing method and components shown in Fig. 7. 

5 

[0081] The multi-function panel (s) of the present 

invention may be used to support/encapsulate one or more 
layer (s) of conventional or dynamic insulation media, 
filtration media, fluid-permeable media, structurally weak 
10 media, or any media, or any combination thereof. 

[0082] The multi-function panel (s) may be used to provide 

additional functionality through choice of constituent 
materials, or use of special coatings (e.g. Ti0 2 as a NO x 
15 catalyst) . 



